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FORECASTING 


ime 


WEATHER AND 


STORMS* 


By Proressor Wi tuis L. Moore, LL. D., 


CHIEF UNITED STATES WEATHER BUREAU AND PRESIDENT NATIONAL 
GEOGRAPHIC SOCIETY. 


HE author would urge all intel- 
ligent persons to abandon the 
idea that the weather map is an 

enigma too difficult for them to solve. 
To one who will read this chapter once 
or twice, and carefully follow the charts 
as they at successive steps illustrate and 
make clear the text, the daily weather 
chart will be an object of interest as 
well as pleasure and profit. Sometimes 
the problems presented by the map 
are so simple that one possessed of the 
most elementary knowledge of its con- 
struction can accurately forecast the 
character of the coming weather; and 
again, the most expert forecaster is un- 
able to clearly foresee the impending 
changes. 

Weather maps differ as much as do the 
members of the human family ; no two 
are precisely alike, although they may 
be similar in their fundamental charac- 
teristics. Some are so radically dissim- 
ilar to others that it requires but a 
glance to learn that similar weather 


cannot follow both. Weather forecast- 
ing may be fairly placed upon a plane 
with the theory and practice of medi- 
cine. The forecaster is in a degree 
guided in his calculations by symptoms, 
and he is able to diagnose the atmos- 
pheric conditions with about the same 
degree of accuracy that the skilled phy- 
sician is able to determine the bodily 
condition of his patient. He is able to 
forecast changes in the weather with 
rather more certainty than the physician 
can predict the course and the result of 
a well-defined disease. While but less 
than a century ago we knew not whence 
the winds came nor whither they went, 
we are now able, through the aid of 
daily meteorological observations and 
the telegraph that joins our places of 
observation by an electric touch, to 
trace out the harmonious operations of 
many physical laws that previously were 
unknown, and that determine the go- 
ings and the comings of the winds, and 
the sequence in which weather changes 


* Copyright, 1905, by the National Geographic Society. 
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occur: but in weather forecasting it 
will never be possible to attain the ac- 
curacy acquired by astronomers in pre- 
dicting the date of an eclipse or the 
occurrence of celestial events. 

In this connection it 1s interesting to 
note that at the time of the founding 
of the first of the Thirteen Colonies, at 
Jamestown, Virginia, in 1607, practi- 
cally nothing was known of the prop- 
erties of the air or of the methods of 
measuring its phenomena. Today, at 
over 200 stations in the United States, 
Canada, West Indies, 
ally recording automatic instruments 
measure and transcribe, for each mo- 
ment of time, the temperature, the air 
pressure, the velocity and the direction 
of the wind, the beginning and the end- 
ing of rainfall, the amount of precipita- 
tion, and the duration of sunshine. 

It was not until 1643, twenty-three 
years after the landing of the Pilgrims 
at Plymouth Rock, that Torricelli dis- 
covered the principle of the barometer, 
and made it possible to measure the 
weight of the superincumbent air at any 
spot where the wonderful, yet simple, 


and the electric- 


little instrument might be placed. His 
great teacher, Galileo, who was so 
cruelly persecuted for teaching the 


truth of the Copernican theory and for 
the invention of the telescope, died with- 
out knowing of the barometer. He 
therefore never understood why ‘‘ nat- 
ure abhors a vacuum.’’ But meteorol- 
ogists as well as astronomers must ever 
pay homage to his great intellect, for, 
among many other valuable inventions, 
he discovered the principle of the ther 
mometer. The data from the readings 
of the barometer and the thermometer 
form the foundation of meteorological 
science. Their inventors as little ap- 
preciated the value of their discoveries 
as they dreained of the great cmpire 
then just rising from the mists of the 
western seas, which should into 
existence and first use their instruments 


‘ 


, 


COME 


to detect the inception of storms. 
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RESEARCHES OF 
FRANKLIN 


THE BENJAMIN 

About one hundred years after the 
invention of the barometer Benjamin 
Franklin, statesman, diplomat, patriot, 
and scientist, divined that northeast 
storms were caused by atmospheric dis- 
turbances located to the southwest of 
the regions experiencing the north- 
east winds. He compared the move- 
ment of the air to water held in a canal 
by a gate at the lower end. When the 
gate 1s opened the water nearest it 
moves first, then that <°xt higher up, 
and so on, until motion is imparted to 
the water at the far end of the canal. 
His simile does not explain what actu- 
ally occurs, but it closely approaches 
the truth. It was prophetic that this 
idea should come to him long before 
any one had ever seen charts that show 
weather observations simultaneously 
taken at a system of stations scattered 
throughout a broad area. His theory 
was equally as important as his act of 
drawing the lightning from the clouds 
and identifying it with the electricity 
of the laboratory, but his contempora- 
ries thought little of it and it was soon 
forgotten. 

It will aid in understanding the cy- 
clonic motion of storms, which will be 
fully explained a little farther along in 
this chapter, to learn how Franklin 
came to reach his conclusions as to the 
cause of the northeast winds. He had 
arranged with his brother in Boston to 
take observations of a lunar eclipse at 
the same time that he himself would 
take them in Philadelphia. Early on 
the evening of the eclipse an unusually 
severe northeast storm began at the 
latter place, lasted many hours, and pre- 
vented Franklin from getting observa- 
tions. As the wind blew fiercely from 
the northeast, he reasoned that of course 
the storm came from that direction, and 
that his brother's views in Boston also 
were obscured. What was his surprise, a 
few days later, to receive word that the 
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night was clear and that good observa- 
tions were secured, but that a severe 
northeaster began the next morning. 
He then sent out many inquiries to 
stage stations, and learned that at all 
places southwest of Philadelphia the 
storm began earlier, and that the greater 
the distance the earlier the beginning, 
as compared with its advent in Phila- 
delphia. Northeast of Philadelphia the 
time of beginning was later than at that 
city, the storm not reaching Boston 
until twelve hours after its commence 
ment at Philadelphia. 

Franklin's analogy of the water 1s all 
right so far as it goes. But if, instead 
of the canal, he had imagined a broad 
ocean, and in place of the gate he had 
located a maelstrom a hundred miles 
wide in the center of the ocean, toward 
which the waters within a circle a thou- 
sand miles in diameter were moving, 
first slowly and directly toward the 
center, then with accelerating velocity 
and increasing deflection to the right of 
the center, and finally faster and faster 
as they drew near and gyrated with 
fearful speed about the orifice down 
which they must plunge, he would have 
evained a clearer idea of the motions of 
the air in a large cyclonic storm, except 
that to make the analogy perfect it 1s 
necessary to invert the maelstrom and 
have the upper surface of the ocean face 
downward upon the land to represent 
the atmosphere, and then the maelstrom, 
with its vast system of in- flowing cur- 
rents, must have a movement of transla- 
tion eastward. 

The northeast hurricane that swept 
the region from Boston to Philadelphia 
was caused by the suction exercised by 
a cyclonic storm advancing from the 
southwest, which drew the air rapidly 
from Boston toward Philadelphia, while 
the source of the attraction—the center 
of the cyclone—was several hundred 
miles to the southwest of the latter 
place. The velocity of the northeast 
winds increased as the center of the cy- 
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clone came nearer and nearer, until the 
winds reached the force of a hurricane. 
When the center of the storm reached 
the vicinity of Philadelphia the winds 
suddenly became variable and light, and 
as the center of the disturbance passed 
the winds arose as quickly as they had 
subsided, but with this difference : they 
now blew from some westerly point in- 
directly, or spirally toward the center 
of the storm that was passing eastward, 
and diminished in force as the center 
gained distance. 

Had the telegraph been in existence 
in Thomas Jefferson's day he doubtless 
would have conceived the idea of fore 
casting the weather. In conjunction 
with his friend, James Madison (after- 
ward Bishop), he conducted a series of 
weather observations, which were be- 
gun in 1771 and continued during the 
stirring times of the Revolution. Mad1i- 
son was near the sea, at Williamsburg, 
the colonial capital of Virginia; Jeffer- 
son was at Monticello, 120 miles west. 
They took simultancous observations 
for several vears, until the British ran 
sacked Madison's house and carried off 
his barometer. By comparing observa- 
tions they discovered that barometric 
and thermometric changes occurred at 
Monticello three or tour hours before 
they did at Williamsburg. 


THE BEGINNING OF THE AMERICAN 
WEATHER SERVICE 


Although American scientists were 
the pioneers in discovering the progress- 
ive character of storms and in deter- 
mining the practicability of forecasting 
the weather, the United States was the 
fourth country to give legal autonomy 
to a weather service But it would re- 
quire an international service, embrac- 
ing all the countries of Kurope, to equal 
the service of the United States in ex- 
tent of the areacovered. Furthermore, 
forecasts for the countries of western 
Europe can never cover the time in ad- 
vance or attain the accuracy of those 
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made for the region east of the Rocky 
Mountains on the American continent, 
because of the ocean that lies to the 
west of these countries in Europe, from 
which observations cannot be secured. 
To be sure, wireless telegraphy may 
partly relieve the situation, but irregu- 
lar observations from moving vessels 
cannot take the place of stable land 
stations. 

At the time of the beginning of the 
U. S. weather service, in 1870, and for 
some years thereafter the forecasts and 
storm warnings were looked upon by 
the press and the people more as ex- 
periments than as serious statements. 
The newspapers were prone to comment 
facetiously on them, and many were 
clamorous for the abolition of the serv- 
ice. We knew nearly as much about 
the theory of storms then as we do to- 
day; but we had never had the oppor- 
tunity to train a corps of expert fore- 
casters, such as now form a considera- 
ble part of the staff of the Chief of the 
Weather Bureau, and from which he 
himself was graduated. This could 
only be done by several years of daily 
watching the inception, the develop- 
ment, and the progression of storms. 
After a time mariners began to note 
that in the great majority of cases storm 
warnings were followed by dangerous 
winds and to take heed accordingly. 
With experience the warnings became 
still more accurate, until now no port, 
however small, is without its storm- 
Warning tower, and no mariner sails 
the seas who does not consult the sig- 
nals, and no shipper of perishable com- 
modities runs his business a day in the 
winter without being in touch with the 
source of cold-wave warnings, and no 
large grower of fruits or vegetables is 
content to be excluded from the receipt 
of the frost forecasts. 


Redfield, Espy, Henry, Loomis, 
Maury, Abbe, and Lapham are the 
Americans to whom the world owes 


most for the founding of meteorological 
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science and for the demonstration of the 
feasibility of weather forecasts. 


DAILY WEATHER CHART 


IS MADE 


HOW THE 

It is essential to a comprehension of 
the problems involved in the making of 
forecasts that one gain a knowledge of 
the methods of gathering meteorological 
observations and making weather re- 
ports. This morning at 8 o’clock— 
75th meridian time—-which, by the way, 
is about 7 o’clock at Chicago, 6 o'clock 
at Denver, and 5 o’clock at San Fran- 
cisco—the observers at about 200 sta- 
tions scattered throughout the United 
States and the West Indies were taking 
their observations, and, with the aid of 
carefully tested instruments, noting the 
pressure of the air, the temperature, the 
humidity, the rainfall or snowfall, and 
the cloudiness at the bottom of the 
aerial ocean in which we live, and which, 
by its variations of heat and cold, sun- 
shine, clouds and tempest, affect not 
only the health and happiness of man, 
but his commercial and industrial wel- 
fare. By 8.15 the observations have 
been reduced to cipher for purposes of 
brevity, and each has been filed at the 
local telegraph office. During the next 
30 to 40 minutes these observations, 
with the right of way over all lines, are 
speeding to their destinations, each sta- 
tion contributing its own observations 
and receiving in return, by an ingenious 
system of telegraph circuits, such ob 
servations from other stations as it may 
require. The observations from all 
stations are received at such centers as 
Washington, Chicago, New York, and 
other large cities, and nearly all cities 
having a Weather Bureau station re- 
ceives a sufficient number of reports 
from other cities to justify the issuing 
of a daily weather map. 

3efore examining the accompanying 
charts it may be well to glance at the 
central office in Washington, while the 
observations are coming in, so as to get 
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an idea of how the charts are made for 
the study of the forecast official. From 
these he gets a panoramic view, not only 
of the exact conditions of the air over 
the whole country at the moment of 
taking the observations one hour before, 
but of the changes that have occurred 
in those conditions during the preceding 
12 and 24 hours. As fast as the reports 
come from the wires they are passed to 
the Forecast Division, where a reader 
stands in the middle of the room and 
translates the cipher into figures and 
words of intelligible sequence. <A force 
of clerks is engaged in making graphic 
representations of the geographical dis- 
tribution of the different meteorological 
elements. On blank charts of the United 
States each clerk copies from the trans- 
lator that part of each station’s report 
needed in the construction of his par- 
ticular chart. One clerk constructs a 
chart showing the change in tempera- 
ture during the preceding 24 hours. 
Broad red lines separate the colder from 
the warmer regions, and narrow red lines 
inclose areas showing changes in tem- 
perature of more than rodegrees. The 
narrow lines generally run in oval or 
circular form, indicating (as will be 
shown subsequently) that atmospheric 
disturbances move and operate in the 
form of great progressive eddies; that 
there are central points of intensity from 
which the force of the disturbance di- 
minishes in all directions. 

A second clerk constructs a chart 
showing the change that has occurred 
in the barometer during the past 24 
hours. As in the construction of the 
temperature chart, broad, heavy lines 
of red separate the regions of rising 
barometer from those of falling baroim- 
eter. Narrow lines inclose the areas 
over which the change in barometer has 
been greater than one-tenth, and so on. 

Here, for instance, throughouta great 
expanse of territory, all the barometers 
are rising—that is to say, the air cools, 
contracts, becomes denser, and presses 
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with greater force upon the surface of 
the mercury in the cisterns of the in- 
struments, thereby sustaining the col- 
umns of liquid metal at a greater height 
in the vacuum tubes. Over another 
considerable area the barometers are 
falling, as increasing temperature rare- 
fies and expands the volume of the air, 
causing it to press upon the instruments 
with less force. Thischart is extremely 
useful to the forecaster, since, in con- 
nection with the general weather chart, 
it indicates whether or not the storm 
centers are increasing or decreasing in 
intensity, and, what is of more impor- 
tance, it gives in a great measure the 
first warning of the formation of storms. 

A third clerk constructs two charts, 
one showing the humidity of the air 
and the other the cloud areas, with the 
kind, amount, and direction of the 
clouds at each station. It is often in- 
teresting to observe at a station on the 
cloud chart high cirrus clouds composed 
of minute ice spiculze moving from one 
direction, lower cumulo-stratus com- 
posed of condensed water vapor moving 
from another direction, and the wind 
at the surface of the earth blowing from 
a third point of the compass. Such 
erratic movements of the air strata are 
only observed shortly before or during 
rain or wind storms. 

A fourth clerk constructs a chart 
called the general weather chart, show- 
ing for each station the air temperature 
and pressure, the velocity and direction 
of the wind, the rain or snow fall since 
the last report, and the amount of 
cloudiness. ‘The readings of the barom- 
eter on this chart are reduced to sea- 
level, so that the variations in pressure 
due to local altitudes may not mask and 
obscure those due to storm formation. 
Then lines, called isobars, are drawn 
through places having the same pres- 
sure. By drawing isobars for each dif- 
ference in pressure of one-tenth of an 
inch the high and the low pressure 
areas are soon inclosed in their proper 
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circles. The word ‘‘ high’’ is written 
at the center of the region of greatest 
air pressure and the word ‘‘low’’ at 
the center of the area of least pressure. 


Under the influence of gravity the air 


presses downward and outward in all 
directions, thus causing it to flow from 
a region of great pressure toward one 
of less. The velocity with which the 
wind moves from the high toward the 
low will depend largely on the differ 
ence in air pressure. To better illus- 
trate: If the barometer read 29.5 at Chi- 
cago, Ill., and 30.5 at Bismarck, North 
Dakota, the difference of one inch in 
pressure would cause the air to move 
from Bismarck toward Chicago so rap- 
idly that after allowing for the resistance 
of the ground there would remain a 
wind at the surface of the earth of about 
50 miles per hour, and Lake Michigan 
would experience a severe ‘‘ north 
wester.”’ 


CYCLONIC STORMS 


Chart No. 1 shows a winter storm (cy 
clone) central in Iowa at 8 a.m., Decem 
ber 15, 1893. Theword ‘‘ low’* marks 


It is the one place 
in all the United States where the ba 
rometer reading is the lowest. Thx 
heavy, black lines, ovai and nearly con 
centric about the low, show the gradation 


the storm center. 


of air pressure as it increases quite uni 
formly in all directions from the storm 
center outward. 
The arrows fly 
as will be seen, are almost 
ception moving indirectly toward the 
low or storm center, clearly demonstrat- 
ing the effect of gravity in causing the 
air to flow from the several regions 
marked high, where the air is abnor 
mally heavy, toward the low, where the 
As the velocity of water 


with the wind, and, 


without ex 


air 1s lighter. 


flowing down an inclined plane depends 
both on the slope of the plane and on 
the roughness of its surface, so the ve 
locity of the wind 
surface of the e 


as it blows along the 


irth toward the storm 
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center depends on the amount of the de- 
pression of the barometer at the center 
and the resistance offered by surfaces of 
varying degrees of roughness. The 
small figures placed at the ends of the 
arrows indicate wind velocities of six 
miles per hour and more. At Chicago, 
where the wind is blowing at the rate 
of 40 miles per hour, the anemometer is 
270 feet high, while at Minneapolis, 
where the instrument is so low as to be in 
the stratum whose velocity 1s restricted 
by the resistance encountered in flowing 
over forests to the northward, the rate 
is not great enough to be marked by a 
figure. At Chicago and Davenport the 
wind is blowing against the pressure 
gradient, away from the low. This is 
due to the fact that it has flowed swiftly 
from the south and gained such momen- 
tum that it rushes by the storm center 
before the gradient on the north of the 


center can overcome its movement and 
turn it. 
Now picture in your mind the fact 


that all the air inside the isobar (heavy 
black line) marked 30.2 as it moves 
spirally inward is rotating about the low 
in a direction contrary to the movement 
of the hands of a watch, and you havea 
very fair conception of an immense at 
or cyclone. 

watched the 


mospheric eddy, 
Have you ever placid 
water of a deep running brook and ob- 
served that where it encountered a pro- 
jecting crag little formed 


eddies and 
went spinning down the stream ? 


Well, 
storms are simply great eddies in the 
t are carried along by the general 
nent of the atmosphere in 
itudesof both henuspheres 


alr tha 
easterly mov 


the middle 


and by the westerly movement of the 
general circulation in the tropics. But 
they are not deep eddies, as was once 


supposed. The low marks the center 
of an atmospheric eddy of vast horizon- 
talextent as compared with its thickness 
orextension in a vertical direction ; thus 
a storm condition extends from Wash- 
ington to Denver in a horizontal direc 
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tion, and yet extends upward but four 
or five miles. The whole disk of whirl- 
ing air four or five miles thick and 1,500 
miles in diameter is called a cyclone or 
cyclonic system. It isimportant thata 
proper conception of this fundamental 
idea be had, since the weather experi- 
enced from day to day depends almost 
wholly on the movement of these trav- 
eling eddies, cyclones, or areas of low 
pressure. 

That one may gain a clear under- 
standing of the difference between the 
movements of the air in the cyclone and 
the movement of the cyclone itself, or 
its translation from place to place, let 
him picture in his mind the solarsystem, 
with all of its planets and their satellites, 
turning each upon its own axis and 
pursuing its orbit about the sun, and 
then imagine the sun also as rotating 
and as moving forward in space without 
change in the relation of the planets to 
the sun, or the satellites to the planets, 
and he will have less difficulty in com- 
prehending the various phases of the 
translation of a cyclonic system and the 
sequence in which the force and the di- 
rection of the wind changes; how the 
wind must blow into the front of the 
storm in a direction partly or wholly 
contrary to the movements of the storm 
itself and into the rear of the storm as 
it passes away ; how the wind increases 
in velocity as it gyrates spirally about 
the center and approaches nearer and 
nearer the region where it must ascend ; 
how centrifugal force, in causing the 
higher layers of air to move away from 
the center, tends to cause an accumu- 
lation of air about the outer periphery 
of the storm, which in turn presses 
downward and impels the surface air 
inward. This whole complex system of 
notion moves forward the same as does 
the sun and his system. 

The black round disk indicates that 
the weather is cloudy at the moment of 
the observation, and the open disk clear 
kv. S. and R. stand for snow and 
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rain. The large figures in the four 
quarters of the cyclone show the aver- 
age temperature of each quadrant. The 
greatest difference is between the south- 
east and northwest sections. This is 
due in part to the fact that in the south- 
east quadrant the air is drawn north- 
ward from warmer latitudes, and in the 
northwest quadrant the air is drawn 
southward from colder latitudes. 

Chart II, constructed from observa- 
tions taken :z hours later, shows that 
the storm or cyclonic center, as indi- 
cated by the word ‘‘low,’’ has moved 
from central Iowa since 8 a. m. and is 
now, at 8 p. m., central over the south- 
ern point of Lake Michigan. The 
shaded areas show that precipitation has 
occurred during the past 12 hours in 
nearly the entire region covered by the 
cyclone. Unfortunately for the science 
of forecasting, precipitation does not 
show that relation to the configuration 
of the isobars that temperature, wind 
velocity, and wind direction do. 

Note that none has fallen in the south- 
ern portion of Ohio, in northwest Mis- 
souri, and in West Virginia and eastern 
Kentucky, although they are near the 
storm center, while.a fall has occurred 
in New England, quite remote from the 
center of barometric depression. These 
facts illustrate how a forecast of rain or 
snow may fail for a portion of a state or 
for a whole state, even though the storm 
pass over the state and the wind and 
temperature change precisely as_ pre- 
dicted. However, all the places men 
tioned as failing to receive precipitation 
were showered upon during the further 
progress of the storm, except northwest 
Missouri, as will be seen by referring to 
chart III of the following morning. 
The cyclone has continued its course 
toward the northeast, and has brought 
the rain area eastward to include nearly 
the whole Atlantic coast region. The 
weather has cleared on the west side of 
the storm. 

Charts II and III contain red lines, 
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which, like the dark shading, do not ap- 
pear on chart I, which was purposely 
left clear of these symbols, so that the 
movement of wind in accordance with 
pressure gradients could be the better 
shown. These red lines connect places 
having the same temperature. Note 
how, on both charts, they trend from 
the Atlantic coast northwestward into 
the southeast quarter of the cyclone, 
and where they leave the storm center 
how precipitately they drop away to- 
ward the southwest. A cause can be 
easily found for this by examining the 
direction of the arrows. In the first 
case the isothermals are being pushed 
northward by southerly winds, and in 
the other forced southward by winds 
from the northwest. As the cyclone 
proceeds eastward the regions now un- 
der the influence of warm southerly 
winds will be, in less than 24 hours, on 
the west side of the storm, and cold 
northwest winds will sweep over them. 
The line of arrows leading from west- 
ern Wyoming to the center of the storm 
on chart III shows the place where the 
cyclonic circulation of wind began that 
constitutes the storm and the course 
pursued by the storm center. The 
small circles surrounding crosses mark 
the places where the storm was central 
at each 12-hour interval. The figure 
above the circle indicates the date, and 
the letter below evening or morning. 
As previously explained, the large 
figures give the average temperature for 
each of the four quarters of the storm 
Within a radius of 500 miles from the 
center. ‘The same information may be 
gathered from the isotherms, but cannot 
be sostrikingly presented. Now, remem- 
bering that the air ascends as it spirally 
moves around the center, one may see 
how the cold air of the northwest quar- 
ter is mingled with the warm air of the 
southeast portion, which in each of the 
three cases presented by the charts so 
far brought into the discussion is more 
than three times as warm. On chart 
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III the two quarters are represented— 
one by 13 degrees and the other by 47 
degrees. ‘The mixing of such cold and 
such warm masses of air and the addi- 
tion of cold due to expansion as the mix- 
ture rises is a fruitful cause of precipi- 
tation, but not the only one, for we see 
that rain has fallen in the Gulf states, 
as exhibited on chart III, probably only 
as the result of cold northwest winds 
flowing into and mingling with the 
warm air of the south. Precipitation 
may also occur as the result of the warm 
humid air of southerly winds under- 
running cold and heavier air, and by 
other processes not yet understood. 


ANTI-CYCLONIC STORMS 


Attention is now directed to the azfi- 
cyclone or high-pressure area shown on 
these three charts as resting over the 
Rocky Mountain plateau. Hereallthe 
functions of the cyclone are reversed ; 
hence the name anti-cyclone. The air 
has a downward component of motion 
at and for a considerable area about the 
center, instead of an upward compo- 
nent ; the winds blow spirally outward 
from the interior, instead of inward, and 
are deflected to the left of their initial 
direction, instead of to the right, and 
the air is mostly clear, cool, and dry, 
instead of cloudy, warm, and humid. 
The center of this high moved but little 
during the three 12-hour periods, but 
its area expanded eastward as the low 
advanced, and if the chart of Decem- 
ber 17, 8 p. m., were shown the high 
pressure would be seen to cover with 
clear, cool weather the region now em- 
braced within the limits of the low 
pressure. 

These are winter conditions that are 
being described. The storms are gen- 
eral, not local, as in summer, when the 
highs and the lows exhibit small differ- 
ences of pressure, move slowly, and sel- 
dom embrace large areas. ‘The summer 


type of local storms gradually merges 
into general storms as the heat of sum- 
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mer wanes, the first general rainstorms 
usually occurring during the latter part 
of September. This has given rise to 
the erroneous idea of an ‘‘equinoxial 
storm,”’ 


HOT WAVES 


For some reason there come, in sum- 
mer, periods of stagnation in the drift of 
the highs and the lows. Atsuch times, 
if a high sluggishly rests over the south 
Atlantic Ocean between Bermuda and 
the coast of the United States and a 
low over the northern Rocky Mountain 
region, there will result what is popu- 
larly known as a warm wave, for the 
air, on account of its slightly greater 
specific gravity, will slowly and steadily 
flow from the southeast, where the press- 
ure is greater, toward the northwest, 
where the pressure is less, and, receiv- 
ing constant accretions of heat from the 
hot, radiating surface of the earth, with- 
out any cyclones to mix the upper and 
lower strata, will finally attain a tem- 
perature almost unbearable to animal 
life. This superheated condition of the 
lower stratum in which we live continues 
until the high over the ocean dies out 
or drifts away to the east and the low- 
pressure area in the northwest begins 
to gyrate as a cyclone and moves east- 
ward, mixing in its course strata of un- 
equal temperatures and precipitating 
the cool and welcome thunder showers. 


COLD WAVES 


Chart IV shows the beginning of a 
cold wave in the northwest on the morn- 
ing of January 7, 1886. Observe that 
the heavy, black isobar passing through 
Montana is marked 30.9, while the iso- 
bar curving through southern Texas is 
marked 29.8, a difference of 1.1 inch in 
the air pressure between Montana and 
Texas. The red isothermal line in Mon- 
tana is marked 30 degrees below zero, 
while the isotherm on the Texas coast 
indicates a temperature of 50 degrees. 

The people of the Gulf states, with 
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a morning temperature of 40 to 50 de- 
grees, knew nothing of the great volume 
of extremely cold air to the northwest 
of them; but from the distribution of 
air pressure shown by chart IV the 
forecaster anticipated that the cold air 
of the northwestern states, on account 
of its great weight, would be forced 
southward to the Gulf and eastward to 
the Atlantic Ocean, or, more accurately 
speaking, that the conditions causing 
the cold in the northwest would drift 
southward and eastward. He therefore 
issued the proper warning to the threat- 
ened districts. 

Now turn to chart V of the following 
morning, and it will be seen that the 
cold wave has covered the entire Missis- 
sippi Valley. The 10-degree isothermal 
line has been forced southward almost 
to Galveston, where the temperature the 
preceding morning was 50 degrees. 

The low shown on the preceding chart 
as being central in southern Texas has 
moved northeastward to Alabama and 
on chart V appears as a fully developed 
storm. The difference in pressure be- 
tween the central isobar of the low and 
the central isobar of the high is now 1.4 
inches. 

The low is lower and the high is 
higher—conditions that argue ill for the 
coast line toward which the low is mov- 
ing. Next look at the arrows at the 
coast stations from Key West, Florida, 
to Eastport, Maine; they are found to 
have short bars at one end, which indi- 
cate that every port, large and small, 
between these two places is flying dan- 
ger signals, and that every promontory 
or island along this vast stretch of sea- 
shore will exhibit the warning lights of 
the Weather Bureau as soon as night 
falls. 

Twenty-five years ago mariners de- 
pended on their own weather lore to 
warn them of coming storms; then, al- 
though the number of ships plying the 
seas was much less than it is now, every 
severe storm that swept across them left 





204 


death and destruction in its wake, and 
for days afterward the dead were cast 
up by the subsiding waters and the 
shores were lined with wreckage. Hap- 
pily this is notnow the case. Theangry 
waters and the howling winds vent their 
fury the one upon the other, while the 
great mass of shipping, so long the prey 
of the winds and the waves, rides safely 
at anchor in convenient harbors. 

The large figures in the four quarters 
of the low again strikingly illustrate 
how great may be the difference in tem- 
perature, under cyclonic influence, be- 
tween regions separated by but short 
distances. It is certain that as the low 
or cyclonic whirl moves toward the 
northeast, along the track usually fol- 
lowed by storms in this locality, the 
cold of the northwest quadrant, by the 
action of the horizontally whirling disk 
of air that constitutes the low, will be 
driven southeastward toward Florida, 
lowering the temperature in the orange 
groves to below the freezing point. 

Chart VI shows that the center of the 
cyclone has moved during the preceding 
24 hours northeast to the coast of New 
Jersey, with greatly increased energy, 
the barometer at the center showing the 
abnormally low reading of 28.7 inches. 
Cold northwest winds, as shown by the 
arrows, are now blowing systematically 
from the high-pressure area of the north- 
western states southeast to Florida and 
the South Atlantic coast. The red iso- 
therm of 30 degrees passes through the 
northern part of Florida, where, on the 
day before, the temperature was over 
50 degrees. The cyclonic gyration of 
this storm extends 1,000 miles inland 
and probably to an equal distance out 


to sea. Heavy snow or rain has fallen 


throughout the area under its influence, 
seriously impeding railroad travel, and 
a gale of hurricane force has prevailed 
on the coast ; but when, on the day pre- 
ceding, the storm was central in Ala- 
bama all these conditions were foreseen 
and the necessary warnings issued. 
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Chart VII shows the conditions 24 
hours later. Thestorm center, as shown 
by the line of arrows, has been three 
days in passing from southern Texas to 
the mouth of the St Lawrence. The 
temperature has fallen still lower on the 
Atlantic coast and in Florida as the re- 
sult of uninterrupted northwest winds, 
aud no material rise in temperature can 
occur until the high pressure of the 
northwest is replaced by a low pressure, 
and convectional currents are drawn to- 
ward the northwest instead of being 
forced southward from that region. 

When the charts indicate the forma- 
tion of a large volume of dense, cold air 
in the northwest, as shown by the ba- 
rometer readings, the skilled forecaster 
is on the alert. He calls for specia! 
observations every few hours from the 
stations within and directly in advance 
of the cold area, and as soon as he be- 
comes convinced that the cold wave will 
sweep across the country with its at- 
tendant damage to property, destruction 
to animal life, and discomfort to human- 
ity, the well-arranged system of dissem- 
inating warnings is brought into action, 
and by telegraph, telephone, flags, bul- 
letins, maps, and other agencies the 
people in every city, town, and hamlet, 
and even in farming settlements, are 
notified of the advancing cold 12, 24, or 
even 36 hours before it reaches them : 
and it is safe to say that $10,000,000 
is a low estimate to make of the value 
of the perishable property that is pro- 
tected in the United States as the result 
of the warnings that are distributed by 
the government in advance of the com- 
ing of only one of several severe cold 
waves that occur each winter. 

In the late spring and early fall the 
highs or anti-cyclones, while possess- 
ing less energy than in the winter, may 
at times bring down to the earth such 
unseasonably cold air as to cause inju- 
rious or destructive frosts, the frosts 
being caused not necessarily by the cool 
air of the high, but by the clearness of 
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the air, which allows a free escape of 
heat from the earth by radiation at 
night. As in the case of cold waves, 
warnings are widely distributed in ad- 
vance of the high that may cause frosts, 
with great profit to the growers of tender 
fruits and vegetables. 

In a general way the degree of cold 
in a cold wave, or rather the departure 
of the temperature from the normal of 
the season, will be proportional to the 
height of the barometer, and a neces- 
sary concomitant of a cold wave is an 
area of low pressure immediately in ad- 
vance of the high pressure, the upward 
movement in one increasing the down- 
ward motion of the other; and the 
greater the difference in the barometer 
between the two the greater the velocity 
with which the air will gyrate about 
and into the low, and the greater the 
downward and outward movement of 
the air in the high, and the more intense 
the cold. It therefore follows that a 
high that is not preceded by an active 
low will have a less degree of cold for 
a given pressure, and that the extent 
and intensity of cold waves depends con- 
siderably on the form and the charac- 
teristics of the preceding low and its 
location ; if north of the center of the 
country the cold that follows will not 
reach the Gulf states in severe form, if 
at all; but if a low of considerable 
energy forms in the region of Texas 
and moves northeastward to the Atlantic 
coast, as nearly all lows do that orig- 
inate in this region, and a high of equal 
intensity develops at the same time over 
the northern plateau of the Rocky Moun- 
tains, the latter will be drawn far to the 
south as the former moves out of the 
way toward the east, and cold north- 
west winds, driven by the high and at- 
tracted by the low, flow into the Gulf of 
Mexico itself, even reaching the islands 
of the West Indies. 

It would be impossible for a cold wave 
to come upon the Pacific Coast states 
with the highs that drift in from the 


ocean, because of the warming effect of 
the water upon the air to considerable 
elevations; but frosts and cold waves 
visit the interior valleys of California 
and other coast states and reach almost 
to the ocean’s edge. They are due to 
highs that move southward and then 
eastward along the plateau. The highs 
may be moving eastward very slowly, 
but the diameter of the areas covered by 
them may increase so rapidly that some 
cold air is pushed over the mountain 
tops and flows from the northeast into 
the interior valleys of the coast states. 
The U. S. Weather Bureau has 
adopted certain arbitrary thermal limits 
to determine what constitutes a cold 
wave. Both the extent of the fall of 
temperature and the degree of cold that 
must be reached vary for season and 
place. For example, in December, Jan- 
uary, and February a cold wave in the 
northern Rocky Mountain region occurs 
when the temperature falls 20 degrees 
in 24 hours and reaches a minimum of 
zero or lower; in Tennessee a fall of 
20 degrees, and to 20 degrees or lower 
is required, while along the Gulf coast 
a fallof but 16 degrees and to 32 degrees 
constitutes a cold wave. The fall in 
temperature is reckoned from any given 
hour of one day to the same hour of 
the next day or from the minimum of 
one day to the minimum of the next. 
The area and the intensity of cold 
waves depend upon the size of conti- 
nents and their distance from the trop- 
ics. The interior of North America 
and of Siberia have geographic condi- 
tions that cause the most severe cold 
waves of any parts of the world. If 
the elevation of the Rocky Mountain 
plateau in North America were one-half 
of what it is and if the mountain chains 
were leveled away, or even trended to 
the east and west instead of north and 
south, the vaporous atmosphere of the 
Pacific, which extends upward but a 
very short distance and which decreases 
in density rapidly with elevation, be- 
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cause of the inability of water to exist 
in the vaporous form in considerable 
quantities except under the action of 
the comparatively high temperatures of 
the thin stratum near the earth, would 
flow far into the interior of the conti- 
nent, and by absorbing the heat of the 
sun during the day and restricting radi- 
ation from the earth at night markedly 
decrease the severity of cold waves and 
other changes in temperature. - Hence 
it is seen that the height of mountain 
systems and their trend relative to large 
bodies of water and to the prevailing 
direction of winds are important factors 
in the causing of cold waves. 

As stated before, the air has a down- 
ward movement in the anti-cyclone, 
which may be so feeble as to cause only 
a slight change in temperature at the 
earth, or it may be active enough to 
lower the temperature down to the frost 
line in spring or fall, or even have such 
energy as to cause a cold wave in winter. 
In the latter case the air possesses such 
intense cold at the elevation from which 
it is drawn that, notwithstanding the 
fact that it gains heat by compression 
at the rate of about 1 degree for each 200 
feet of descent, it is still far below normal 
temperature when it reaches the earth. 
Its initial temperature is so low that it 
can contain only a minute portion of 
water vapor ; it therefore evaporates all 
fog or cloud as it gains in temperature 
during its fall, and by flowing away lat- 
erally along the earth it drives away the 
more humid air ofthe lowerstrata. The 
downward motion thus introduces con- 
ditions of clearness and deficiency of 
water vapor that promotes free radia- 
tion and the loss of much of the heat 
dynamically gained as well as that given 
off by theearth totheair. It therefore 
seems that departures from the normal 
temperature of a time and place are the 
result of the motions of the air below the 
height of 10 miles. Ascending and de- 


scending currents cease before this alti- 
tude is reached, and it is probable that 
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the temperature of this region changes 
but little from season to season and 
from year to year, although short- period 
observations with the bolometer, which 
registers changes in the amount of heat 
that falls upon the outer limits of the 
air, indicate that in timeit possibly may 
be necessary to modify this opinion. 

Few people realize that the cold wave 
has an important therapeutic value. It 
scatters and diffuses the carbonic-acid 
gas exhaled by animal life and the fetid 
gas emanating from decaying organic 
matter. Its dense air not only gives 
more oxygen with each inspiration of 
the lungs, but the high electrification 
that always accompanies it invigorates 
man and all other animal life. The 
cold north wind, if it be dry, as it 
usually is, brings physical energy and 
mental buoyancy in its pure but bois- 
terous breath. 


HURRICANES 


Most of the storms that gain such a 
velocity of gyration as to consitute hur- 
ricanes originate in the tropics and move 
northwestward to latitude 26 degrees to 
32 degrees, where they recurve and move 
toward the northeast. These are the 
most severe of all the storms that visit the 
North American continent. ‘The West 
Indies and the Philippines are the re- 
gions wherein these forceful storms 
originate in the greatest nunibers, and 
the commerce of all nations has profited 
largely by the spirit that has prompted 
the United States to establish, since 
1898, acomplete system of cable-report- 
ing meteorological stations in both of 
these sections, which enables a central 
station to keep mariners advised of 
danger. 

At times hurricanes remain several 
days in the Gulf of Mexico or off our 
South Atlantic coast, and the only in- 
dication we have of their proximity is a 
strong suction drawing the air briskly 
over some of our coast stations toward 
the center of the storm. Again, a 
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heavy ocean swell may be caused by the 
friction of the rapidly gyrating air on 
the surface of the water, and when the 
hurricane has a slow progressive move- 
ment, as it usually has south of latitude 
30 degrees, this swell may be propagated 
outward from the center of the storm 
faster than the storm is moving and 
reach the coast several hours before 
either the barometer or the wind move- 
ment gives any indication of the coming 
storm. 

The tracks of West Indian hurricanes 
are usually in the form of parabolas. 
These storms come from the southeast, 
but on reaching the latitude of our Gulf 
coast they, as a rule, recurve to the 
northeast and pass along our coast line 
or near to it. 

Chart VIII shows a West Indian hur- 
ricane just making its advent into 
Florida. The effect of the storm is felt 
as far north as Wilmington, where the 
wind is being drawn from the northeast 
at the rate of 24 miles per hour, and dan- 
ger warnings, as indicated by the bars 
on the arrows, are being displayed as 
far north as Norfolk, both at the regu- 
lar observation stations of the Weather 
Bureau and at all the numerous large 
and small harbors of the South Atlantie 
coast. The winds at Savannah and 
Jacksonville are moving from the north- 
east and north, respectively, at 20 miles 
per hour, which is four miles less than at 
Wilmington, farther away from the 
storm center. This apparent inconsist- 
ency may be due to the low and re- 
stricted exposure of the instruments at 
the nearer stations, but not necessarily 
so, as the winds never blow into or 
around a storm at velocities that are 
evenly and consistently in accord with 
the pressure gradients, but rather in the 
form of rising and falling gusts. 

Observe that there are no warnings 
flying at Key West; this is because the 
storm center is moving away, and the 
wind cannot therefore reach any higher 
velocity than it now has, and must 
steadily decline. 
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In studying the winds about this 
storm center, or rather about such part 
of it as projects over the land, recall 
the story about Franklin’s northeast 
storm. It will be seen how it is possible 
for storms to progress against the wind. 
In thunder-storms this rule does not 
hold. They cover but an infinitesimal 
area in comparison with a cyclone, and 
there is a horizontal rolling of the atmos- 
phere, caused by cold and heavy air from 
above breaking through into a lighter 
superheated stratum next the earth. 
This rolling motion throws forward the 
cool air in the direction in which the 
cloud is moving. 

Chart IX shows a slight aberration in 
the northeast course of the storm, which 
places the center inland, so that the 
whole cyclone can be charted. From 
eastern Florida the usual course is north- 
east over the ocean instead of upthrough 
Georgia and the Carolinas. What 
caused this storm to depart from the 
usual course? ‘The reason can be easily 
found, and it is important that one 
should find it. The high over New 
England and the contiguous ocean had 
a tendency to crowd the storm inland 
and eause it to seek the route of least re- 
sistance, and the low over the Lake re- 
gion attracted it. That is the reason; 
it will be made plainer when we come 
to consider the translation of storms. 

The storm has been destructive to 
marine property, the wind at Savannah 
reaching 72 miles per hour, and 48 miles 
at Jacksonville, and warnings are now 
displayed at all ports northward to New 
England, as the hurricane will move 
northward between the two highs along 
the lines of least pressure. Chart X 
shows that it traveled from northern 
Georgia to central New York during 
the next 24 hours. The storm center 
passing northward over the land instead 
of the water, the hurricane winds on 
the water were onshore—a condition 
that strewed the coast with the wreckage 
of many vessels that were unable to see 
the warning signals in time to seek har- 
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bors of safety. It is pertinent here to 
ask the student of weather forecasting 
what: would have been the direction of 
the wind and its effect on the coast line 
if the storm had followed the usual 
course and passed northeastward with 
its center over the water instead of over 
the land. By this time the reader 
should be able to answer: The winds 
would have been from the west and 
much less harmful to mariners, because 
the surface water would have been 
driven seaward instead of being banked 
up in boisterous billows upon the shore, 
and ships would have scudded out to 
ocean before the gale instead of being 
broken up on the reefs. 

West Indian hurricanes are cyclonic 
in character, but on account of the fact 
that the diameter of the whirling eddy 
is much less and the velocity of rotation 
much greater than in the average cy- 
clone, it is customary to designate them 
as hurricanes. In other words, the 
hurricane is acyclone of small area, but 
of powerful vortical action, and conse- 
quently of great destructive force. 

Chart XI shows the track of the Gal- 
veston storm. The spirals are not true 
pictures of the storm; neither do they 
represent pressure lines, as other charts 
have done. They are used to illustrate 
more clearly than can be done in any 
other way the eddy-like motion of a cy- 
clone and at the same time give the 
location of the hurricane on various 
dates. 

In explaining the hurricane of Octo- 
ber 27, 1903 (chart VIII), it was stated 
that the storm was deflected a little from 
its normal course by an anti-cyclone that 
rested over the ocean. A similar dis- 
tribution of air pressure occurred on 
September 6, 1900, when the hurricane 
was over Florida, except that the anti- 
cyclone covered the whole region from 
the Mississippi River eastward to Ber- 
muda and southward tothe Gulf. The 
storm was therefore forced to travel 
westward around the high to the Texas 
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coast before it could turn to the north- 
east. It was first detected in the Carib- 
bean Sea. It then moved at the rate of 
only about eight miles an hour. It in- 
creased its speed between Florida and 
the Texas coast to about 12 miles. It 
did not become destructive until after it 
passed into the Gulf. Then its velocity 
of gyration became so great that the 
water was beaten into a fury and great 
swells were propagated outward in ad- 
vance of the storm, some of which 
reached Galveston 16 hours before the 
hurricane. As the storm passed over 
the latter city the anemometer registered 
100 miles per hour and then broke into 
pieces. This was probably nearly the 
highest velocity reached, as it occurred 
at about the time of lowest barometer, 
which was 28.48 inches. As the storm 
moved toward the Lakes its rate of trans- 
lation increased to about 60 miles per 
hour, but its destructive force was much 
less on the land than on the water, al- 
though it produced wind velocities of 
over 70 miles at several Lake stations, 
which, by the way, were amply warned 
of the coming of the storm, as were all 
Gulf ports. 

Between July and October, inclusive, 
there are annually about ten tropical 
storms that touch some portion of the 
Atlantic or Gulf coast. Onan average, 
less than one per annum is severely de- 
structive. Most of them are of such a 
nature that if timely warnings be issued, 
as they usually are, little loss of life or 
property occurs. As to the frequency 
with which these storms visit the Gulf, 
it may be said that the late Increase A. 
Lapham, of Wisconsin, carefully pre- 
pared a list of severe storms, more than 
thirty-five years ago, to be used by him 
as one of the arguments for a govern- 
ment weather service. He showed that 
from 1800 to 1870 ten hurricanes reached 
some portion of the Gulf coast with a 
force so marked as to leave authentic 
records in the local annals of the region. 
This is an average of one in each seven 
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years. This average has been main- 
tained since 1870; but no storm has 
left such an appalling record as the one 
of September 8, 1900, known as the 
Galveston hurricane, and it is not prob- 
able that we shall again see its counter- 
part on the Texas coast in centuries. 

It is a meteorological coincidence that 
the West Indies bear the same storm 
relation to the United States that the 
Philippines do to China and Japan. 
With the new possessions of the United 
States in the Orient it has been possible 
to establish a storm-warning service that 
is as valuable to the commerce plying 
the waters contiguous to the China coast 
as the service recently organized in the 
West Indies is to our southern seas. 

The hurricanes that occur in the Phil- 
ippine Islands are called ¢yphoons. Like 
the West Indian storms, they occur 
mainly during four months of the year— 
the middle summer and early fall. The 
late Father Vifies, S. J., a scientist who 
gave much study to tropical storms, says 
it must be admitted that cyclones do not 
form at axy place within the tropical 
zones, but that they single out for their 
formation definite regions within those 
zones. These regions are always on the 
southwest periphery of some of the great 
permanent ocean anti-cyclones. The 
conditions for the development of cy- 
clones in the tropics are best satisfied 
when large continents lie to the west, 
whose coasts trend northward and south- 
ward, with extensive seas to the east. 
Such, at any rate, are the geographic 
features that concur to form the cyclone 
regions of the West Indies, of the Phil- 
ippine Islands, of the China Sea, of the 
seas of India, of the region east of Africa 
in the vicinity of the islands of Mada- 
gascar, Mauritius, Reunion, Rodriguez, 
etc, 

The cause of all tropical hurricanes 
may be made clear by confining the ex- 
planation to a description of the condi- 
tions that permit of the formation of the 
West Indian storms, which are as fol- 


lows: 
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Normally there is a belt of heavy air, 
of about rodegrees of latitude in width, 
lying just north of the tropics, which 
interposes an almost impassable barrier 
to the movement of cyclones north- 
ward. ‘The region of greatest pressure 
of this belt is about the middle of the 
Atlantic Ocean. By August the heat 
of summer acting on the North Amer- 
ican continent has raised the tempera- 
ture of the air over the land much more 
than it has that over the water, and the 
land portion of the high-pressure belt 
is dispersed, leaving an opening for the 
escape northward of tropical storms, 
which form in the ocean on the south- 
west periphery of the great high-press- 
ure that so persistently remains central 
over the ocean. From this place of 
origin the hurricanes are carried north- 
westward by the general circulation 
of air outward from and around the 
big high. This grand summer circu- 
lauion of the air of the Atlantic Ocean 
brings the tropical storms nearly or 
quite to our South Atlantic or Gulf 
states before they recurve to the north 
east in pursuing their course around the 
high. This anti-cyclone of the ocean 
differs from those that have heretofore 
been described, in the fact that it quite 
doggedly holds to nearly the same geo- 
graphic position. It covers the whole 
southern ocean, and as the currents of 
air spirally flow outward, in a direction 
that agrees with the circulation of the 
hands of a watch, they frequently break 
up into small cyclonic whirls of 100 to 
300 miles in diameter on the outer rim 
of the large anti-cyclone, and especially 
along the southwest quarter of the rim. 
The air as it runs down through the 
anti-cyclone feeds the vortices that form 
at the outer boundaries of the high. 
The vortex may whirl with the violence 
of a hurricane, and it usually does ; but 
in its course westward and then east- 
ward it clings to the outer hems of its 
parent—the anti-cyclone. 

The wonderful sweep of the West 
Indian cyclone is made clear by the 
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statement that storms of August and 
September may form southeast of the 
Windward Islands, cross the Caribbean 
Sea, recurve in the Gulf of Mexico or 
near the South Atlantic coast, and pass 
northeastward over the Atlantic Ocean 
and be lost in the interior of Europe or 
Asia. ‘The history of these storms and 
of all others of the oceans is learned 
by collecting and charting the daily 
observations from thousands of moving 
ships in connection with the observa- 
tions of island and coast stations. 


THE TRANSLATION OF STORMS 


The air expands upward to an alti- 
tude of 50 miles or more. It is so elas- 
tic and its expansion is so rapid as it 
recedes from the earth that nearly one- 
half of its mass lies below the three-mile 
level. Our storms and cold waves are 
simply great swirls in the lower stratum 
of probably not more than five miles in 
thickness, which more than likely are 
caused by the flowing together, on about 
the same level, of masses of air of widely 
different temperatures. An _ elaborate 
system of cloud observations, made dur- 
ing recent years, shows that the atmos- 
phere, in the middle latitudes of both 
hemispheres, flows eastward over these 
agitations of the lower air without be- 
ing disturbed by them. 

In the temperate zones cyclones and 
anti-cyclones drift toward the east at 
the usual rate of 609 miles per day, or 
about 37 miles per hour in winter and 
22 miles per hour in summer ; but there 
is no definite rule on which the fore- 
caster can rely. Sometimes they move 
at twice this speed, and again at less 
than half of it, or, what is more embar- 
rassing to the prophet, remain station- 
ary for one or two days and die out. 
It is safest to assume that the velocity 
of translation of a storm will be the 
average of the two immediately preced- 
ing it, unless the distribution of air 
pressure over the continent is markedly 
different in the several cases. Cyclones 
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and anti-cyclones usually alternate, but 
not always. At rare intervals a rain- 
storm or a cold wave may be followed 
by an atmospheric action similar to it- 
self, with only a narrow neutral area 
between. The most difficult weather 
map to interpret and make a forecast 
from is one that contains several partly 
developed cyclones and anti-cyclones, 
each of small area and little force. The 
most that can be said then is that the 
weather will be unsettled, no definite 
type of weather lasting more than a few 
hours. 

Four-sevenths of all the storms of the 
United States come from the north pla- 
teau region of the Rocky Mountains 
and pass from this sub-arid region east- 
ward over the Lakes and New England, 
producing but scant precipitation. The 
greater number of the remaining three- 
sevenths are first defined in the arid 
southwest states or territories. These 
nearly always can be relied on to cause 
bountiful precipitation as they move 
northeastward over the lower Missis- 
sipp! Valley and thence to New England. 
Drouths in the great wheat and corn 
belts and elsewhere eastward are broken 
only by cyclones that form in Arizona, 
New Mexico, or Texas. Storms move 
faster in the noithern part of the United 
States than they do in the southern por- 
tion, and their tracks migrate with the 
sun. 

After the forecaster has spent many 
years in studying the courses of storms, 
he learns that, at times, through a gain 
in force that is not shown by observa 


tions taken at the bottom of the air, 
storms suddenly develop unexpected 
energy or pursue courses not antici- 


pated in his forecast, or that the barom- 
eter rises at the center of the storm 
without premonition and dissipates the 
energy of the cyclone. Fortunately, 
such cases are exceptions. 

Chart XII illustrates the courses of 
summer storms in the United States. 
The lines show the origin and the tracks 
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of the centers of the cyclones for August 
during a ten-year period, the anti-cy- 
clones following about the same lines. 
Adding the numbers at the ends of the 
lines and at the braces that inclose 
groups of lines, it is found that 83 
storms either had their origin in the 
states or else came to them from the 
West Indies or passed up through the 
ocean near enough to affect the Atlantic 
coast. The influence of the high west- 
ern plateau and its mountains in the 
formation of storms is illustrated by 
the fact that 57 of these storms had 
their inception along the mountain sys- 
tem that runs through Colorado, Wy- 
oming, and Montana, and that none 
came in fromthe Pacific Ocean. August 
storms move at the rate of 16 to 26 miles 
per hour, or about 500 miles a day. 
Wherever the storms originate they are 
seen to have a strong tendency ulti- 
nately to reach New England. 

Now turn to chart XIII, which gives 
the storm tracks for February for a 
period of ten years. Against the 83 
storms of August there are 98 shown 
for February for the same period—1884-— 
1893. The tracks curve down farther 
to the south, many of them come in 
from the Pacific, and a large number 
form in Texas, but, like those of Au- 
gust, they finally pass over New En- 
gland, which fact explains the varia- 
bility of the weather of the latter region. 

As regards storm condifions, the year 
may be divided into three parts in the 
Northern Hemisphere. December, Jan- 
uary, February, and March are domi- 
nated by swiftly moving storms, swing- 
ing far to the south and carrying wide 
oscillations of temperature clear to the 
northern boundaries of the tropics, with 
general precipitation ; June, July, Au- 
gust, and September, by ill-defined 
storms and a sluggish movement of 
them, with many local rains of small 
area, rather than general storms, while 
October and November are transition 


periods between the summer and the 
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winter types, and April and May be- 
tween the winter and the summer con- 
ditions. 

At times there is an abnormal change 
in the rate of drift of the highs and the 
lows simultaneously over the eastern 
and the western continents and the in- 
tervening oceans that throws weather 
forecasts temporarily into confusion. 
It is difficult to assign a reason to such 
sudden departures from usual condi- 
tions. It may be due to the accumula- 
tion of large bodies of air over conti- 
nents or oceans from which no daily 
reports can be received. When mo- 
mentum expends itself against gravity 
there may be a banking up of air in 
unexplored regions, and its potential 
may become suddenly available in such 
a way as to accelerate or retard the gen- 
eral drift of storms, or it may be due to 
the complex dynamics of motion of the 
vast gaseous sphere from which the 
earth receives light, heat, and various 
other radiations 

When winter has become well estab- 
lished there often develops a permanent 
high over the great plain between the 
Rocky Mountains and the coast ranges, 
which remains inactive for weeks ata 
time, lows and other highs passing 
down fromthe north along its east front 
without materially disturbing it. Its 
principal function is to stop the drift of 
storms into the continent from the 
ocean immediately west of it. In mid- 
summer the high may be replaced by a 
stagnant low, and hot scorching winds 
blow steadily for many days over the 
states lying east and southeast of the 
low, withering the wheat and corn of 
the central Mississippi and lower Mis- 
souri Valleys. Charts XIV and XV 
show the most frequent routes of storms 
in the Northern Hemisphere. 

The influence of the area of high 
pressure in deflecting storms from their 
normal or usual course is set forth by 
Professor Garriott in his paper on 
‘“Tropical Storms in September.’’ In 
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this paper Professor Garriott divided 
the tropical storms of September into 
three classes, namely: First, those that 
recurved east of the sixty-fifth meridian; 
second, those that recurved between 
the sixty-fifth and ninetieth meridians ; 
and, third, those that passed west of the 
ninetieth meridian or reached the United 
States without a recurve. Of the first 
class of storms, all of which first ap- 
peared east of the fiftieth meridian or 
north of the twentieth parallel, Professor 
Garriott observesthat only two appeared 
far enough to the south to render their 
advance over or near the West Indies a 
probability. and that in every instance 
the westward movement of the cyclones 
which recurved east of the sixty-fifth 
meridian was apparently prevented by 
anti-cyclonic areas which moved east- 
ward over the Southern states and ob- 
structed the westward advance and 
forced arecurve to the northward. He 
states that the recurve of storms of the 
second class—/. ¢., those that recurved 
between the sixty-fifth and ninetieth 
meridians—was apparently due to the 
obstruction offered to a westward course 
by anti-cyvclonic areas which had ad- 
vanced or had been drawn from the 
continent over the west Gulf and South- 


western states. A large proportion of 
the third class of storms advanced 
westward from the eastern West In- 
dies. On their arrival in about longi- 


tude west So degrees, the average lon- 
gitude in which September tropical 
storms recurve, the pressure over the 
west Gulf began to decrease and rain 
set in, while the interior eastern districts 
of the United States were occupied by 
an extensive area of high pressure. As 
storms prefer to follow the path of least 
resistance, the centers moved toward 
the region of decreasing pressure and 
avoided the high and increasing pressure 
to the northward. When the pressure 
continued high over the eastern districts 
of the United States the storms were 
unable to recurve, and were penned in 
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over Mexico or the Southwestern states. 
In such instances, Professor Garriott 
states, the cyclones developed great vio- 
lence before disappearing. Similarly 
cyclones of this class that advanced 
northwestwardly toward the Middle or 
South Atlantic coast of the United 
States were apparently prevented from 
recurving by high pressure over the 
ocean to the northward and northeast- 
ward, and, being forced upon the coast, 
developed destructive energy. 

From the foregoing it appears that 
the effect of distribution of pressure in 
determining a storm’s path is recognized 
in practical forecasting. 

NEW METHOD FOR DETERMINING 
THE DIRECTION AND VELOCITY 
OF STORM MOVEMENT 

Local Forecaster Edward H. Bowie, 
in charge of the local oflice of the U.S. 
Weather Bureau at St Louis, Mo., has 
devised a new method of estimating the 
future course and rate of translation of 
storms, which, while not being absolute 
in its determinations, is a marked ad- 
vance over anything heretofore accom- 
plished in this direction. The unusually 
high degree of accuracy that has at- 
tended Mr Bowie's forecasts for the past 
several years attests the value of his sys- 
tem. Storms follow the lines of least 
resistance ; but the trouble is that with 
the movement of vast systems of air, 
due to the excessive heat of the equator, 
combined with the rotation of the earth 
and the continual breaking up of the 
currents on the outer edges of these sys- 
tems into cyclonic or anti-cyclonic vor- 
tices, the lines of least resistance are 
always changing, sometimes slowly and 
again rapidly. The usefulness of Mr 
Bowie’s work lies in the fact that while 
some of his values are but roughly as- 
signed he has been able by a study of 
the pressure gradients about the base of 
the storm, in connection with the gen- 
eral drift of the upper air, to obtain a 
resultant that approaches with close pre- 
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cision to the line of least resistance at 
the moment of the taking of the obser- 
vations on which the weather chart is 
founded. In the majority of cases his 
system locates the place to which the 
storm center will move during the com- 
ing 24 hours with considerable accu- 
racy. It might be improved on by tak- 
ing into account the vate of change in 
air pressure at all stations during the 
two hours preceding the observations, 
and constructing a hypothetical chart 
based upon such rate continuing for 12 
or 24 hours, and then applying the sys- 
tem to the latter chart instead of the 
real weather map in the effort to deter- 
mine the future course of the storm. 
The description of Mr Bowie’s method 
is told in his own words as follows : 
‘“‘Assuming erratic storm movement 
to be due to unequal pressure distribu- 
tion, it is manifest that the direction and 
velocity of storm movement could be de- 
termined were it possible to obtain cor- 
rect values that would represent the 
pressure exerted upon a storm from all 
directions and the eastward drift of air 
at high levels that carries the storm with 
it. Working on this theory, effort has 
been directed toward obtaining a value 
that would represent the 24-hour east- 
ward drift from any given locality. 
To find this value it has been neces- 
sary, first, to determine the resultant 
of the pressure from all directions to- 
ward the storm center. To represent 
this pressure from all directions, lines 
radiating from the storm center to the 
north, northeast, east, southeast, etc., 
have been given, after considerable ex- 
perimental work, a length of one centi- 
meter for each tenth of an inch increase 
in barometric pressure along these lines, 
working with a map the scale of which 
is 160 miles to an inch, or that of the 
Washington weather map. The result- 


ant of such lines, or forces, acting to- 
ward the storm center, which may be 
found by the rules governing the poly- 
gon of velocities, will show the direction 
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toward which the unequal pressure is 
forcing the storm. 

‘‘ If the pressure of the air from all 
directions toward the storm center be a 
factor in determining the direction and 
velocity of movement of a storm, it is 
obvious that this resultant, representing 
the value of and direction toward which 
the unequal pressure forces the storm, 
becomes one of the components that de- 
termine the storm’s path. 

“As the 24-hour movement of any 
given storm is the measure of the forces 
that determine that movement, it follows 
that by using this resultant of pressure 
toward the storm center as one of the 
components which cause the storm to 
move along its path it 1s possible to find 
the other component of motion by re- 
solving a force representing a storm’s 
24-hour movement into its two compo- 
nents. One of these components, repre- 
senting the pressure effect, being known, 
the other component, representing the 
eastward drift, may be found by the 
rules governing the parallelogram of 
forces. If there bea basis for this theory, 
it must necessarily be that the second 
component, representing the eastward 
drift, should have approximately the 
same direction and value for two or 
more storms in the same locality for any 
given month of the year, provided the 
appropriate value is given the pressure 
acting toward the storm center from all 
directions. 

‘“ This component has been found for 
a large number of storms, whose values 
when charted show an agreement that 
appears to be more than accidental or 
merely coincident. 

‘‘Having found the component rep- 
resenting the 24-hour eastward drift, 
which component is apparently fairly 
constant in value for any particular 
locality from year to year fora given 
month and the resultant of the pressure 
exerted on the storm center from all 
directions, the value of which is a vari- 
able quantity, it is patent that the direc- 
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tion and amount of movement of a storm 
is the resultant of these two forces. 
Thus, for instance, a December storm 
charted in Colorado, subject to a press- 
ure that tends to force it southward 400 
miles in 24 hours, is during the same 
period being carried eastward 450 miles 
by the flow of the upper currents. It 
is evident that the storm’s actual path 
will lie between the two lines represent- 
ing the eastward drift and the pressure 
that forces the storm to the south, the 
resulting movement being almost due 
southeast and a distance of approxi- 
mately 600 miles. 

‘‘From a study of storm movement 
along the lines outlined above it is ap- 
parent that the rate and direction of 
movement of a storm in relation to its 
normal movement is governed by this 
variable component, representing the 
deflective force, or the resultant of the 
pressure exerted on the storm from all 
directions ; hence it follows that when 
this deflective force is toward the left 
(when facing the direction of normal 
progression ) the storm will move to that 
side of the normal direction of advance, 
and when toward the right the converse 
will betrue. When this deflective force 
is acting in conjunction with the east- 
ward drift the storm’s rate of movement 
will be accelerated, and when in oppo- 
sition the storm’s progress will be re 
tarded. It appears that in nearly all in- 
stances the storm increases in intensity 
when this component, representing the 
pressure of the air toward the storm 
center, is acting to the left of the normal 
direction of advance, but when toward 
the right the storm, as a rule, will de- 
crease in intensity. 

‘* Naturally exceptions are to be found 
in applying the method outlined above, 
but in practically all instances the ex- 
ceptions have been the result of an un- 
foreseen increase or decrease in the press- 
ure toward the storm center from some 
one of the several directions, which, in 
addition to offering an explanation of 
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the exceptions, tends to prove the cor- 
rectness of the principle. Of course the 
application of the method is limited 
when the storm center is near a region 
from which no pressure observations are 
available—as, for instance, the storms 
that move along the Canadian border. 
In cases where there are a number of 
ill-defined storm centers it is not always 
possible to determine which center will 
become the primary one and which cen- 
ters will be dissipated, and therefore 
there is more or less doubt whether the 
deductions will be borne out by subse- 
quent events. In nearly all instances 
involving exceptions the error in prede- 
termining the movement of the center is 
apparently due to inability to determine 
the exact values that should be used to 
represent the pressure toward the storm 
center from the several directions. 

‘The values determined by the meth- 
ods used in the research along the lines 
indicated above are necessarily approx- 
imations only, and therefore tentative ; 
but it is believed that by refined meth- 
ods of computation values representing 
the pressure exerted on the storm center 
as well as the normal direction and ve- 
locity of the eastward drift can be found 
that will show the exact conditions, and 
thus lead to a higher degree of accuracy 
in charting the direction and movement 
of storms. 

‘The accompanying charts illustrate 
the method followed in developing the 
‘normal storm tracks’ and the appli- 
cation of the system in practical fore- 
casting to determine the direction and 
rate of movement of storm centers dur- 
ing 24-hour periods. 

‘‘Chart XVI shows the method fol- 
lowed to determine the correct value for 
each tenth of an inch increase in the 
barometric readings along lines radiat- 
ing from the storm center to the north, 
northeast, east. etc., to represent the 
influence of the pressure exerted on the 
storm center fromthe several directions ; 
it also illustrates the method followed in 
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developing the ‘normal storm tracks’ for 
a given locality. Inthis figure, drawn to 
to the scale of the Washington weather 
map, the vector X represents the direc- 
tion and movement in 24 hours of the 
storm that was centered near Amarillo, 
Texas, 8a.m., May 26, 1903. The vector 
X, is the.resultant of the pressure acting 
from the north, northeast, east, etc., in 
the direction indicated, and was deter- 
mined from an increase in pressure from 
the storm center outward at 8a. m., May 
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directions, as follows: To the north, 0.30 
inch; northeast, o 20; east, 0.60; south- 
east, 0.30; south, 0.10 ; southwest, 0.10 ; 
west, 0.10, and northwest, 0.40. 

‘‘ The vector X being the resultant 
of the forces that propelled the storm 
in the direction and to the point indi- 
cated in 24 hours, it is possible to elim- 
inate the pressure influence (if it be 
given an appropriate value) by resolv- 
ing the vector representing the track of 
the storm into its two components, one 


a of which, X,, being the result- 

ie ‘4 \ ant of the pressure exerted on 
. the storm, the other, X,, will 

\ represent the 24-hourvaluethat 

& should be given the general 


. circulation of the atmosphere 
a that carried the storm with it. 
* Similarly, Y, represents the 24- 
hour value that should be given 
the general circulation that car- 
ried the storm of May 28 with 
it. It will be observed that X, 
and Y,, representing the 24- 
hour values of the general cir- 
culation on the two dates, are 
of equal length and vary not 
more than 3 degrees 30 min- 
utes in: direction, from which 





it may be assumed that the 
general circulation of the at- 
mosphere in May that carries 


CHART XVI —Showing method followed in developing 
normal storm tracks and in ascertaining the correct 
value to represent the pressure exerted on a storm 


the storms of the region of New 
Mexico and northwest Texas 
with it may be represented by 


center that causes it to depart from a normal track. 


Tothe north, 0.10 inch; 
east, 0.60; southeast, 
0.30; south, 0.30; southwest, 0.30; 
west, 0.30, and northwest, 0.20, each 
tenth of an inch being given a value of 
one centimeter. The vector Y repre- 
sents the 24-hour movement of the 
storm that was centered over Amarillo, 
Texas, at 8a. m., May 28, 1903. The 
vector Y, is the resultant of the pressure 
exerted on the storm center, determined, 
as above, from an increase in pressure 
from the storm center toward the several 


26, as follows: 
northeast, 0 00; 


a mean of a number of vectors 
determined as above. It is manifest, 
therefore, that should a storm in May 
in the region indicated be acted upon 
by a distribution of pressure whose 
resultant is zevo its 24-hour direction 
and rate of movement will be that of the 
general circulation represented by a cor- 
rectly determined mean of a number of 
vectors, suchas X, and Y,. Hence such 
ineans determined for the various dis- 
tricts of the country have been desig- 
nated ‘normal storm tracks,’ and are 
shown for May in chart XVII. 
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Flood Scene in St Louis, 


1903 
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‘<The value that should be given each 
tenth of an inch increase in pressure 
measured outwardly from the storm 
center is of vital importance to the cor- 
rect working of the system, and is ar- 
rived at by constructing a number of 
charts similar to that presented in chart 
XVI. From an inspection of this figure 
it is apparent that if the value given 
each tenth of an inch increase in press- 
ure be decreased the resultants X, and 
Y, will decrease in length, and the angle 
between the vectors X, and Y, will de- 
crease, but the vectors themselves will 
become unequal—that is, X, willincrease 
and Y, decrease inlength. (The work- 
ing of the system is dependent on the 
assumption that the general circulation, 
as represented by the vectors X, and 
Y,, is fairly constant.) If the value 
given the pressure effect be increased, 
the resultants X, and Y, will likewise 
increase, and the vector X, will become 
shorter and Y, very much longer, and, at 
the same time, the angle made by these 
lines will increase, from which it follows 
that a value of one centimeter for each 
tenth of aninch increase in pressure best 
meets the requirements in this case.’’ 

To determine the future course of a 
storm inthe month of May, for instance, 
resolve the pressure forces about the 
storm center into their resultant, then 
take for the future direction and distance 
of translation of the storm the resultant 
between this force and the force illus- 
trated on chart XVII as the upper-air 
drift or normal storm track as follows : 


a C 


Lqw/ 








6b 


In which the low is central near New 
Orleans, a 6 representing the pressure 
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resultant, or line along which the low 
will be forced if acted upon by pressure 
gradient only, and 6c the normal storm 
track, or the distance and direction of 
movement of the low as the result of 
upper-air drift alone, and ac the track 
thatthe storm center will follow. Hence, 
instead of the storm moving due south 
into the Gulf as the result of pressure, 
or northeast to southwestern Virginia, 
as chart XVII shows is the place to 
which upper-air drift will carry it, it 
moves due east to Jacksonville, Florida. 
TORNADOES 


The four conditions essential to the 
formation of tornadoes are usually as 
follows: (1) A cyclone or area of low 
pressure, the center of which is to the 
north or northwest, with a barometric 
pressure not necessarily much below the 
normal; (2) a temperature of about 70 
degrees on the morning map; (3) a 
great humidity, and (4) that the time 
of year be March 15 toJune15. ‘These 
conditions may and often do exist sepa- 
rately ; one or two of them may be found 
coexisting ; but so long as the third be 
absent, tornadic formation is not likely 
to occur. 

The number of these storms is not 
increasing ; the breaking of the virgin 
soil, the planting or the cutting away of 
forests, the drainage of land surfaces by 
tiles, the stringing of thousands of miles 
of wire, or the laying of iron or steel 
rails have not materially altered the cli- 
matic conditions or contributed to the 
frequency or intensity of tornadoes. As 
well might one by the casting of a pebble 
expect to dam the waters of the Missis- 
sippi as attempt the modification or re- 
striction by the feeble efforts of man of 
those tremendous forces of nature that 
surround our earth and control our 
storms and climate. To be sure, as 
towns become more numerous and pop- 
ulation becomes more dense, greater de- 
struction will ensue from the same uum- 
ber of storms. 
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It is not possible with our present 
knowledge of the mechanism of storms 
to forewarn the exact cities and towns 
that will be visited by tornadoes with- 
out alarming some towns that will wholly 
escape injury; but we know that tor- 
nadoes are almost entirely confined to 
the southeastern quadrant of the cy- 
clone, and that when the thermal, hy- 
grometric, and other conditions are 
favorable, the spot 300 to 500 miles 
southeast from the cyclonic center is in 
the greatest danger. ‘This fact is well 
illustrated on chart XVIII, showing the 
cyclonic system that existed at 8 p. m. 
on March 27, 18go, the day of the famous 
Louisville tornado. Two red_ lines, 
drawn at right angles to each other, 
divide the area of the storm into four 
quarters. Twelve tornadoes, repre- 
sented by short red lines, mostly in the 
southeast quarter of the general cyclone, 
occurred during the afternoon or even- 
ing of the day. As most of these oc- 
curred several hours before 8 p.m., 
the time of the taking of the extensive 
system of observations on which the 
chart is based, when the center of the 
cyclone was 100 or 200 miles farther 
west, it is apparent that they all oper- 
ated somewhere within the southeast 
quarter of the general storm, although 
exceptions to this rule occasionally 
occur. 

It is desirable to make clear the dif- 
ference between the cyclone and the 
tornado. The majority of the press 
and many persons who should know 
better use these terms as synonymous. 
The cyclone shown on chart XVIII, 
which is fairly typical of all cyclones, 
is a horizontally revolving disk of air, 
covering the whole United States from 
the Atlantic Ocean westward to and in- 
cluding the Mississippi Valley, with the 
air currents from all points flowing 
spirally inward toward the center, while 
the tornado is a revolving mass of air 
of only about 1,000 yards in diameter, 
and is simply an incident of the cyclone, 


nearly always occurring in its southeast 
quadrant. ‘The cyclone may cause mod- 
erate or high winds through a vast ex- 
panse of territory, while the tornado, 
with a vertical motion almost unmeas- 
urable, always leaves a trail of death 
and destruction in an area infinitesimal 
in comparison with the area covered by 
the cyclone. 

The tornado is the most violent of all 
storms, and is more frequent in the cen- 
tral valleys of the United States than 
elsewhere. It has characteristics which 
distinguish it from the thunder-storm, 
viz., a pendent, funnel-shaped cloud 
and a violent, rotary motion in a direc- 
tion contrary to the movements of the 
hands of a watch, together with a vio- 
lent updraft at the center. 

Right here it is well to inquire if a 
satisfactory reason can be given for the 
occurrence of these violent agitations of 
the atmosphere mainly during the 
spring and early summer, and usually 
only in the southeast quarter of the cy- 
clone. In answer it may be said that 
an hypothesis can be formulated that 
fairly well satisfies the requirements of 
thecase. First, one must recall the fact 
that. the atmosphere, even at the surface 
of the earth, is not dense enough to 
absorb but a small part of the solar 
heat waves. They therefore reach the 
earth and warm its surface, but the ab- 
sorbed heat does not penetrate to any 
great depth, because the land is a poor 
conductor, but a good absorber and a 
good radiator. The land therefore re- 
tains its absorbed heat near the surface 
and quickly and freely radiates that 
which it has absorbed. The atmos- 
phere, which is a poor conductor, is 
thus rapidly warmed at the bottom, but 
the heat is slowly conducted upward, 
and in the spring of the year the gain- 
ing intensity of the solar rays and the 
increasing hours of sunshine warm a 
thin stratum of air next the earth to an 
abnormal degree of heat in comparison 
with the stratum next above, which 
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still retains the cold of winter. This 
abnormality is accentuated in the south- 
east quadrant of the cyclone, wherein 
southerly winds still further add to the 
heat of the lower stratum and increase 
the humidity. An unstable condition 
then ensues, in which heavier air is 
superposed on lighter and much warmer 
air. ‘This unstable equilibrium is more 
often relieved by the breaking through, 
here and there, of masses of the heavier 
air and its horizontal rolling along the 
surface of the earth, with the warm and 
cold masses driven together by electric 
explosions ; these are thunder-storms. 
3ut at times dry and extremely cold air 
are brought together with humid and 
very warm air, with the result that a 
narrow vertical whirl is set up which 
develops great vortical energy ; this 1s 
the tornado. The tornado also may be 
caused, and many times is, by the cy- 
clone whirling together on the same 
level the cold currents from the north- 
west and the warm ones from the south- 
east, especially at an elevation of a few 
thousand feet, in the interior layers of 
the cyclone. The vortex then burrows 
downward to the surface of the earth, 
or dances along with the tail of the 
funnel whipping from side to side, and 
touching only the high places or noth- 
ing at all. 
Tornadoes mostly occur between 2 and 
5 in the afternoon, and generally move 
from the southwest to the northeast ; 
theirtracks may vary in width from a few 
hundred feet to one mile ; their velocity 
of translation is usually about that of 
anexpress train; their speed of gyration 
can be measured only approximately, 
but as it is sufficient often to drive straws 
a half inch into the bodies of trees it 
must equal or exceed the velocity of a 
rifle bullet. Professor Biglow says: 
‘“The vortex of a tornado obeys the 
laws of the movements of fluidsin gyra- 
tory circulation. If a mass of air 6,000 


feet in diameter is rotating at a_ half- 
mile level and it runs into a vortex so 
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that the tube is roo feet in diameter at 
the top, and supposing the outer edge 
of the upper vortex makes 7 miles 
an hour, then at the rim of the bottom 
of the vortex we should have a velocity 
of 200 miles an hour. This causes an 
enormous centrifugal force in the lower 
tube, a high vacuum, and low temper- 
ature. The vacuum tube causes the 
explosive and disastrous effects upon 
objects in its path.’’ The cold of ex- 
pansion condenses the vapor that makes 
the tube visible, and the sudden con- 
densation causes electric discharges of 
great violence A roaring like the 
sound of a thousand express trains ac- 
companies the tornado, whose track is 
10 miles in length, and 


usually 5 or 
movement is about 30 


whose rate of 
miles per hour. 

The writer visited St Louis the day 
after the tornado of May 27,1896. He 
was especially impressed with the fact 
that many of the buildings seemed to be 
burst outward at their upper stories, 
indicating that at the time of their de- 
struction they were near the center of 
the rotating mass of air, where centrifu- 
gal force had reduced the air pressure 
on the outside to such an extent that 
the expansion of the air in the upper 
stories of the houses whose windows 
and doors were closed had produced an 
explosion of the building. In one case 
all the four walls of the upper story of 
a house were thrown outward, leaving 
the lower story intact and the roof rest- 
ing in proper position one story lower 
than in the original building. Again, 
great structures seemed to have been 
crushed over or taken up bodily and 
scattered in all directions. 

The fact that this tornado traveled 
with destructive force through several 
miles of brick buildings and yet left the 
city with greater force than it possessed 
on entering it illustrates the futility of 
planting forests to the southwest of 
cities for purposes of protection, as 
some have advocated. The strongest 
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trees would offer but little more resist- 
ance to the tornado than would so many 
blades of grass, and the drawing off of 
the electricity of the clouds by the pro- 
jecting points of the trees would have 
no effect, as it never has been shown 
that electricity has anything to do in 
originating tornadoes; it is rather a 
result than acause. The planting of 
trees is a useful occupation, even if they 
have no effect on tornadoes; but what 
shall one say of the municipality that 
hires a cannoneer to guard the southwest 
approaches to its city and to destroy 
with shot all tornado clouds, as a small 
western city once did. Still its action 
was no more ridiculous than is that of 
certain provinces in Europe that an- 
nually expend large sums of private and 
public money in the shooting of hail 
clouds, or of otherwise intelligent peo- 
ple who aid and abet the most ignorant 
of charlatans in their pretensions of 
making rain or of forecasting the 
weather months in advance. 

There is a wide variation in the num- 
ber of tornadoes that occur during the 
years. Chart No. XIX shows the loca- 
tion and the direction of movement of 
all the tornadoes of a year of small 
number, and chart XX _ shows the re- 
sult of a year of great frequency. 

FLOODS 


With our many thousands of miles of 
navigable rivers flowing through one of 
the most extensive and fruitful regions 
of the world, daily forecasts of the height 
of water in the various sections of each 
river are of enormous benefit to naviga- 
tion, and the warnings issued when the 
precipitation is so heavy as to indicate 
the gathering, during the near future, 
of flood volumes in the main streams 
are often worth many millions to navi- 
gators and to those having movable 
property on low grounds contiguous to 
the streams. 

The feasibility of making accurate 
forecasts as to the height of water sev- 


eral days in advance at any station of 
the system is no longer questioned, and 
at stations on the lower reaches of rivers 
one to three weeks’ forecasts are feasi- 
ble. The forecaster at each river center 
considers the rainfall, the temperature, 
the melting of snow, if there be any, the 
area and slope of the watershed, and the 
permeability of the soil. Froma study 
of floods in former years he knows the 
time necessary for the flow of the water 
from the tributaries to the main stream 
and the time required for the passage 
of the flood crests from one city to an- 
other. The forecasts are, of course, 
empirically made, but still they are 
sufficiently accurate to possess great 
value to the people of the river districts. 

Some idea of the vast destruction of 
property due to floods may be gathered 
from the statement that the floods of 
1881 and 1882 caused a loss of not less 
than $15,000,000 to the property inter- 
ests of the Ohioand Mississippi Valleys. 
There was also a loss of 138 lives. In 
1884 the region of the Ohio alone suf- 
fered a loss of over $10,000,000 in prop- 
erty. In 1897 the loss along the sev- 
eral great rivers was more than the sum 
of the two large’ figures just written, 
and in 1903 the destruction of property 
might fairly be estimated at $40,000,000 
in value. 

From data that now covers many 
years at a large number of stations the 
following general relations have been 
deduced : The time it takes high water 
to pass from Pittsburg to Wheeling is 
one day; from Pittsburg to Parkers- 
burg, two davs; from Parkersburg to 
Cincinnati, three days ; from Cincinnati 
to Cairo, six days; from Cairo to Vick- 
burg, seven days, and from Vicksburg 
to New Orleans, four days. The time, 
therefore, from Pittsburg to the Gulf is 
23 days. Similar general relations con- 
cerning the movements of other rivers 
have been determined. Since the time 
is so great—the movement of high water 
being a little slower than the current— 
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it follows that many interfering condi- 
tions may arise, tending to retard or 
accelerate the passage of the crest of 
the flood wave. No absolute rule is, 
therefore, possible ; but the forecasting 
of the exact flood stage many days, or 
even weeks, in advance at important 
river stations is of such frequent occur- 
rence as to indicate that, although the 
forecasts are empirically made, they 
have a substantial commercial value. 
Each forecaster in charge of a river 
center has a definite section of the river 
system to watch and for which he must 
forecast. He receives the necessary 
telegraphic reports of the daily rainfall 
that has occurred over the tributaries 
to his river district, reports of the gauge 
readings nearer the source of the main 
river than his own station, and gauge 
readings from many of the tributary 
streams. He is familiar with the area 
of the catchment basin from which his 
rainfall reports are received, the con- 
tour and configuration of the surface, 
and the permeability of the soil. A 
slowly falling rain of considerable 
amount on a nearly level and permea- 
ble soil may cause little rise, while a 
rapidly falling rain of the same amount 
on an impermeable and greatly inclined 
surface will gather quickly in the chan- 
nels of the tributaries and soon become 
a rushing torrent in the main stream. 
I. is thus seen that many modifying 
conditions must be taken into consider- 
ation. The forecaster studies the his- 
tory of previous floods under various 
temperatures and absorptive conditions 
of soil. He knows that the rainfall 
may be augmented by the melting of 
snow, if any there be on the ground, 
and that the temperature is an impor- 
tant factor in the flood; that on a 
frozen soil, under moderate heat, the 
entire precipitation, plus meltage, may 
flow away without appreciable absorp- 
tion or evaporation and create higher 
water in the rivers than would be the 
case if the soil were open, and that an 


— 
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unfrozen but saturated soil presents to 
the flowing water practically the same 
surface, so far as the latter affects the 
flood, as a frozen soil. Of the precipi- 
tation that is absorbed a part is evap- 
orated, a part taken up by vegetation in 
making its growth, and the remainder 
sinks to the impervious rock, which 
lies at no great depth below the surface. 
It slowly follows the slope of the rock, 
and gives rise to the springs that sup- 
ply the steady flow of the streams and 
rivers. This portion of downpour, 
while unimportant in the causing of 
floods, needs to be considered by the 
river forecaster, for an abundance of 
well-absorbed rains during the spring 
and early summer means the mainte- 
nance of fair stages in navigable rivers 
during the usual low-water season, and 
forecasts of low-water stages are nearly 
as important to commerce as the pre- 
diction of flood heights. Inbrief, floods 
have their origin in the surface dis- 
charge, while the low-water flow of 
streams is mainly due to the under- 
ground waters. 

The zero of a river gauge is placed at 
the level of the lowest water known, 
and if at any subsequent time a stage 
still lower is recorded it is read as a 
minus quantity. The danger line varies 
with the locality. On the Ohio river, 
on account of its narrow channel and 
its precipitous banks, the water must 
show vertical rises varying from 30 to 
50 feet before the danger line is reached. 
At Cincinnati the danger line is 45 feet 
above the zero of the scale, and a height 
of 71 feet has been recorded. On the 
upper Mississippi the danger lines aver- 
age about 15 feet above zero, but from 
St Louis to Vicksburg they average 
about 35 feet, while at New Orleans the 
danger limit is but 13 feet above zero. 
An impermeable ground, such as that 
over granite bed rock, is marked by 
many rivulets and streams in compari- 
son with the number that are found in 
a permeable soilof equalrainfall. When 
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at great intervals a stream does appear 
in permeable ground the flow of water 
may diminish as the stream progresses, 
the water being absorbed by the soil 
or sinking through it to the bed rock. 
Much of the water absorbed never 
reaches the rivers. In the Ohio Valley 
the amount of water drained away by 
the rivers is about one-fourth of the 
rainfall, which is the same asin Europe ; 
in the Missouri Valley the amount is 
only one-eighth. These conditions have 
an important bearing when considering 
what river stages will be effected by a 
given rainfall and what will be the rate 
of rise. In an impermeable region the 
rivers rise rapidly and as quickly sub- 
side; in a permeable region the rise 
and the fall are slower in action and the 
amplitude of the movement less. 

In small rivers the slope may fall away 
at the rate of four to seven feet the mile, 
while in large rivers, like the Missis- 
sippi, the slope is only about one-fourth 
of afoot. The velocity of a river does 
not depend alone upon the slope, but 
also upon the mean hydraulic depth, 
the square root of the two measures de- 
termining it closely. 

The veg7men of a river is the history 
of its movements and their causes. It 
may be modified by a change in forest 
areas or in the area under cultivation. 
Cultivated ground allows of a much 
greater absorption than wild soil, and 
therefore holds in storage and conserves 
the supply for springs and streams after 
flood seasons have passed. It is there- 
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fore a question if civilization has not 
thereby considerably reduced the in- 
tensity of floods, notwithstanding the 
cutting away of forests, the area cleared 
of forests being small in comparison 
with the total area changed froma wild 
to a cultivated state ; but before a hasty 
conclusion is reached one should not 
forget to consider that forest coverings 
reduce to a minimum the amount of 
silt carried to streams, especially from 
steeply tilted surfaces. They hold the 
soil and prevent its washing away tothe 
rivers, where it is deposited in such a 
way as to build up the river beds and 
possibly cause greater overflows than 
with the former larger volume of water 
and less silt. Many have thought that 
the leveeing up of the Mississippi River 
will cause a building up of the bottom 
of the river by the confining between 
banks of large quantities of silt-laden 
water that formerly deposited most of 
its sediment on the adjacent flats before 
moving down thestream; but here again 
account is not taken of the fact that the 
leveeing up of the river increases its 
depth, and therefore its velocity, and 
the carrying capacity of a stream in- 
creases as the cube of its velocity. It 
is probable that the bed of the river has 
not risen since a considerable portion 
was confined by levees. Many gauges 
that were established more than thirty 
years ago occasionally show minus 
readings. 

The various flood scenes illustrated 
in this paper tell each its own story. 





GEOGRAPHIC NOTES 


WHAT IS THE POPULATION OF 
CHINA? 

HEN I first studied geography 

the population of China was 

estimated at 230 millions; then came 

an advance to 360 millions; now we 

hear of over 400 millions, and if the 

latest figures are correct there is reason 
for talking of the ‘‘ Yellow Peril.’’ 

Upon what have these estimates been 
based ? Has anything like a census 
ever been taken of the Chinese people ? 
Probably not, though the Peking gov- 
ernment, no doubt, receives reports con- 
cerning the number of people in the dif- 
ferent provinces. The published infor- 
mation must have been derived mainly 
from travelers, missionaries, diplomats, 
and naval officers. 

From my own observations during 
the three years I was on the Asiatic 
Station, I would say that there are less 
than 200 millions of people in China, 
and perhaps some of the contributors or 
readers of the NATIONAL GEOGRAPHIC 
MAGAZINE, who have had better oppor- 
tunities to judge, will show why or to 
what extent 1 am wrong. 

I spent several months in each of the 
principal seaports from Tientsin in the 
north to Canton in the south and five 
or six months in the Valley of the 
Yangtze, going as far inland as Ichang, 
a town nearly 1,000 miles from the sea, 
and beyond the reputed populous dis- 
tricts. I noticed that the country peo- 
ple instead of living on farms were con- 
centrated in villages, and that these were 
generally small and often widely sepa- 
rated. 

The cities were limited in area and 
contained no lofty buildings, one and 
two storied houses being the rule. 
Canton is the wealthiest, and, with the 
possible exception of Peking, is the 
most populous city. I was with a 
party that made the circuit of the walls, 
several members walking the entire 


way in a little over two hours, which 
proves that the enclosed space could 
not have exceeded six square miles. 
In the northern part we saw gardens 
and unoccupied ground. 


Compare this 





with Manhattan Island, with its 22 
square miles and lofty tenement houses. 

The streets of a Chinese city are very 
narrow, and the people live in them and 
on the ground floor of the wide open 
shops and houses, therefore the visitor 
seems to be always working his way 
through a dense crowd. 

I believe that tigers are encountered 
in all portions of China. It is certain 
that they are killed north of Peking, as 
the skins are sold there, and at Amoy 
the missionaries, who had been inland, 
told me of the terror theyinspired. As 
there is little of the dense undergrowth 
of India it is a comparatively open 
country through which the tiger prowls, 
and his presence certainly does not sug- 
gest a land densely populated. 

C. EH. CLARK, 
Rear Admiral, U.S. Navy. 


The article on “Forecasting the Weather 
and Storms,” by Dr Willis L. Moore, 
Chief of the United States Weather Bu- 
reau, published in this number, is an 
advance chapter from ‘‘ The New Me- 
teorology,’’ a text-book on weather sci- 
ence which is in course of preparation 
by Dr Moore and which will be pub- 
lished in a few months by a well-known 
firm. The chapter is published here in 
advance of the appearance of the book 
through the courtesy of Dr Moore. The 
members of the Society will undoubt- 
edly enjoy the interesting and lucid ex- 
planation of storms and weather given 
by Dr Moore, and will also appreciate 
the good-will of an author who permits 
the publication of a chapter in advance 
of the completed volume. 


The map showing the present seat of 
war in eastern Asia which appears as a 
supplement to this number of the Na- 
TIONAL GEOGRAPHIC MAGAZINE was 
prepared by the Military Information 
Division of the War Department and is 
republished by the National Geographic 
Society through the courtesy of Major 
Beach, chief of the division. It is be- 
lieved that the map will prove particu- 
larly useful to those who are following 
military developments in Manchuria. 
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Excursions and Lessons in Home Geog- 
raphy. By Charles A. McMurry, 
ra. DD, Pp. 52, 52% 7% mches. 
New York: MacMillan Co. 

A much-needed book, containing 
many fine illustrations. The student 
can find out from its pages anything 
from the way his own particular part of 
the country was formed to the most ap- 
proved method of milking cows and 
maintaining a sanitary dairy. The 
book is written in such simple language 
and is so well expressed that any one 
can understand and enjoy it. 


The Philippine Islands, 1493-1898, vol. 
XXI. Edited by Emma Helen Blair 
and James Alexander Robertson. Pp. 
317. 958x6% inches. Cleveland : 
The Arthur H. Clark Co. 1905. 

In this 21st volume the publishers 
have got down to the year 1624 in their 
monumental undertaking. This one 
deals entirely with religious matters for 
that year, being composed of sources 
bearing on ecclesiastical squabbles, the 
founding of a Japanése seminary, and 
the labors of the early Recollect Mis- 
sions. ‘The last forms more than half of 
the book, and, like Jesuit writings, con- 
tains very valuable descriptions of the 
country, the people, and their customs. 
Typographically the book is almost per- 
fect for use, the print being large, the 
paper heavy, and the binding excellent. 
It seems a great pity that this enter- 
prising firm should suffer a loss in their 
effort to advance the cause of knowl- 
edge. ie 5 
Along the Nile with General Grant. 

By Elbert E. Farman. Pp. xviii+ 
New York : The Grafton Press. 


339. 

1904. $2.50 wet. 

The voyage of General Grant up the 
Nile to the First Cataract, in 1877, 


serves in this volume as a reason for its 
publication. The chapters on Luxor, 
Abydos, Thebes, the Temples of Kar- 
nak, and the Islands of Philae and Ele- 
phantine are evidences of Judge Far- 
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man’s careful observations of the re- 
markable antiquity of Egypt. The 
volume is unusually well illustrated, 
and will be of special interest to those 
who have made, or contemplate making, 
the tour of the Nile. A. W. G. 


Dodge’s Advanced Geography. By 
Richard Elwood Dodge. Pp. 333 + 
Xix. 9x 7% inches. Chicago : 
Rand, McNally & Co. 1904. 

The distinguishing conception of this 
work is the emphasis laid upon the 
‘* causal notion’’ in geography—that is, 
that our civilization is the result of 
natural conditions. First come geo- 
graphic principles, then their application 
in the second part, with a rapid view of 
the different continents and leading 
countries of the world. The orderly 
growth of industrial life from natural 
conditions is the central theme in all 
cases. . Each important region is repre- 
sented by three maps, relief, political, 
andcommiercial. There are many beau- 
tiful illustrations and helpful sugges- 
tions. 

The writer of the text has likely 
never gone over this ground thoroughly 
as a teacher, else Some defects would be 
absent. It seems a waste of space to 
tell us that little is known about polar 
winds (50). ‘There is much haziness 
about monsoons and summer and winter 
winds (48, 49,50). Thereisa trouble- 
some mixture of the terms ‘‘ miles’’ and 
‘‘degrees’’ (89). It is confusing to 
speak of ‘‘northwest trade-winds’’ 
(319). Yokohama does not have an 
excellent harbor. ‘Tospeak of Georgia 
growing sugar ‘‘extensively’’ (144) 
and then in the diagram (149) to show 
how insignificant her total is will puz- 
zle most young minds. The work of 
the cartography ‘‘expert’’ is decidedly 
the most unsatisfactory part of the book. 
He has sugar-cane over nearly all of 
South Carolina (148). He has a big 
cotton area in the middle of the south 
Pacific (330). In other places he fairly 
riots in details, crowding his maps to 
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such an extent that they are scarcely 
more than ‘‘labored ingenuities.’’ 
Many of them are utterly beyond the 
capacity of children of the age of those 
who are expected to study this book. 
So far as the publishers’ part goes, the 
maps are of the best workmanship, ex- 
cept that the contrast of colors in the 
physical ones 1s not so marked as it 
should be. 

But in spite of these weaknesses there 
is hardly a volume the equal of this 
for developing the thinking powers of 
the pupils, and hence is the best this re- 
viewer knows of. i. MM. 


The United States of America. By 
Edwin E. Sparks. 2 volumes, maps. 
Pp. xi + 425; vil-++ 385. Illustrated. 
New York: G. R. Putnam’s Sons. 
I9O4. 

This is a most welcome and valuable 
addition to The Story of Nations’ series. 
It commences with the treaties of peace 
in 1783 and traces the evolutionary 
stages through which the United States 
passed, froma confederacy of republics 
to its present status as a powerful na- 
tion, clothed with all powers needful 
for its progress and preservation. 

Perhaps the most interesting chapters 
are those outlining the fundamental 
bases on which centralization has been 
effected. Therein Prof. Sparks clearly 
indicates the most potent lines of action 
and their specific effects. The Jeffer- 
sonian ordinance of 1784 with unquali- 
fied suffrage, the erection of the back 
lands into equal independent states, 
the home-making public-land system, 
the light-house and post-route policies, 
the assumption of the states’ debts, the 
entrustment of the militia to executive 
control, the appropriations for scientific 
purposes, the adoption of excise and 
tariff measures, and the construction of 
the general welfare clause of the Consti- 
tution are given due weight and con- 
sideration. 

As to the later phases of our national 
history, the chapter on profit-sharing 
and paternalism, on abolitionism and 
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colonization, and the passing of strict 
constitutional construction throw in- 
structive side lights on the march of 
events. 

National industrial development is 
too currant and political a topic for 
purely historical treatment, and from 
the nature of the case cannot be uni- 
versally accepted. 

Altogether, the literary style, subject- 
matter, and method of treatment are 
excellent. There is not a dull chapter 
in either volume. A. W. G. 


Grundriss der Handelsgeographie. von 
Dr Max Eckert (Privatdozenten der 
Erdkunde an der Universitat Kiel). 
Pp. xv +517. 9x6 inches. Leip- 
zig: G. J. Goschen’sche Verlags- 
handlung. 
This is a very comprehensive sum- 

mary of facts rigidly based on the great 

causal notions of geographic develop- 
ment. Following a simple and uniform 
plan, our author treats the continents 
and then the countries of the world, 
first giving a brief view of the land and 
the people of each, then the natural re- 
sources, then the industries and occu- 
pations, and, finally, communication 
and trade. ‘The three great divisions 
of the material world, plants, animals, 
and minerals, are in each case described, 
with the next section pointing out the 
industries that have sprung up in that 
country, but he leaves the student to 
supply the links of connection; and 
that brings up one serious defect of the 
work. It isa frightfully dry compila- 
tion of names and figures, unrelieved 
by any graces of expression or interest- 
ing incidents. It isdifficult tosee what 
place it would fill in education, as it is 
too heavy for American students, and 
many of the statements are annually 
superseded by almanacs or hand books. 

It is not sufficiently scientific to be ac- 

cepted as an authority in itself, since 

the sources of information are not often 
given. For general style and interest 
it is much inferior to the International 

Geography: C. M. 


1905. 
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E have published a new edition of our map of 
Alaska, which was prepared by the United States 
Geological Survey. The map is 36 by 42 inches, in 3 
colors, and is the first contour map of Alaska that has 


been made. : : ; ; By mail, 25 cents. 








National Geographic Society 
Hubbard Memorial Hall : Washington, D. C. 
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